Site-specific dynamics of strands in ss- and dsDNA as revealed by time-domain fluorescence of 2-aminopurine.
It is well recognized that structure and dynamics of DNA strands guide proteins toward their cognate sites in DNA. While the dynamics is controlled primarily by the nucleotide sequence, the context of a particular sequence in relation to an open end could also play a significant role. In this work we have used the fluorescent analogue of adenine, 2-aminopurine (2-AP), to extract information on site-specific dynamics of DNA strands associated with 30-70 nucleotides length. Measurement of fluorescence lifetime and anisotropy decay kinetics in various types of DNA strands in which 2-AP was located in specific positions revealed novel insights into the dynamics of strands. We find that in single-stranded (ss) DNA, the extent of motional dynamics of the bases falls off sharply from the very end toward the middle of the strand. In contrast, the flexibility of the backbone decreases more gradually in the same direction. In double-stranded (ds) DNA, the level of base-pair fraying increases toward the ends in a graded manner. Surprisingly, the same is countered by the presence of ss-overhangs emanating from dsDNA ends. Moreover, the extent of concerted motion of bases in duplex DNA increased from the end to the middle of the duplex, a result which is both striking and counterintuitive. Most surprisingly, the two complementary strands of a duplex that were unequal in length exhibited differential dynamics: the longer one with overhangs showed a distinctly higher level of flexibility than the recessed shorter strand in the same duplex. All these results, taken together, provoke newer insights in our understanding of how different bases in DNA strands are endowed with specific dynamic properties as a function of their positions. These properties are likely to be used in facilitating specific recognitions of DNA bases by proteins during various DNA-protein interaction systems.